The etiology of mathematical and reading (dis)ability covariation in a sample of Dutch twins by Markowitz, E.M. et al.
The genetic etiology of mathematical and reading(dis)ability has been studied in a number of distinct
samples, but the true nature of the relationship
between the two remains unclear. Data from the
Netherlands Twin Register was used to determine the
etiology of the relationship between mathematical and
reading (dis)ability in adolescent twins. Ratings of
mathematical and reading problems were obtained
from parents of over 1500 twin pairs. Results of bivari-
ate structural equation modeling showed a genetic
correlation around .60, which explained over 90% of
the phenotypic correlation between mathematical and
reading ability. The genetic model was the same for
males and females.
The phenotypic relationship between mathematical
and reading ability, especially in samples selected for
cognitive deficits, has received extensive study. In the
past 15 years, several studies have investigated the eti-
ology of this relationship. In addition, the
independent etiologies of both mathematical and
reading (dis)ability have been intensively studied.
Estimates of univariate heritability and the genetic
correlation between mathematics and reading vary
widely. For example, while Alarcón et al. (2000)
found a heritability estimate of around 90% for
mathematical performance, other studies have found
much lower heritability estimates for mathematical
ability (e.g., h2 = .17, Thompson et al., 1991; h2 = .21,
Wadsworth et al., 1995; h2 = .65, Oliver et al., 2004).
Similarly, estimates for the heritability of reading
ability range from .18 to .81 (Wadsworth et al.,
2001). Estimates of the genetic correlation between
mathematical and reading (dis)ability also vary,
although fewer studies of this relationship have been
conducted. For example, Thompson et al. (1991) esti-
mated the genetic correlation between reading and
mathematics performance to be .98 in a sample of
normally achieving students. Knopik et al. (1997)
estimated the bivariate genetic correlation at .53 in a
sample selected for mathematical and reading deficits.
Studies have also yielded different estimates for the
percentage of phenotypic correlation explained by
genetic influence. In a sample selected for reading
deficits, Light et al. (1998) found that shared herita-
ble influences explained 65% of the phenotypic
correlation between composite verbal and math mea-
sures; in a reading-disabled sample, Gillis et al. (1992)
report that shared genetic influences explained 98%
of the correlation (55% in a control sample).
As Oliver et al. (2004) suggest, the wide range of
estimates for heritability and genetic correlations is
most likely due to differences in the samples analyzed,
the measures reported on, and the varying ages of the
participants. Additionally, the use of different statistical
methodologies (e.g., DeFries-Fulker extremes analysis
vs. maximum likelihood estimation) may increase the
disparity of the estimates. The size of the samples may
also be an important factor: a number of previous
studies rely on relatively small sample sizes, which
increase the confidence intervals around heritability
and correlation estimates. Still, the disparities among
estimates are great, raising questions about the true
relationship between mathematical and reading ability.
Part of the answer may come from studies that
have looked beyond mathematical and reading
(dis)ability to other cognitive correlates. As Plomin
and Craig (2001) point out, an increasing number of
studies have been conducted using genetically infor-
mative samples to explore the relationship between
various cognitive traits. Investigations examining the
relationship between reading and other cognitive
traits, in particular Verbal and Full Scale IQ (FSIQ),
are especially prevalent. Wainwright et al. (2004)
report estimates that range from 21% to 80% for the
percentage of phenotypic correlation between FSIQ
and reading ability explained by shared genetic
factors, with most estimates closer to the middle and
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top of the range. Studies of the phenotypic correlation
between mathematical ability and FSIQ are less abun-
dant, but not completely absent from the literature. For
example, Alarcón et al. (2000) find that shared genetic
influences account for nearly 90% of the correlation
between mathematical performance and general cogni-
tive ability. Finally, Light et al. (1998) found evidence
that the phenotypic and genetic correlations between
mathematical and reading deficits can be partially
explained by higher order traits, especially in a reading-
disabled sample. These studies indicate the need for a
careful interpretation of any observed correlation
between mathematical and reading (dis)ability.
The importance of understanding the etiology of
various cognitive traits and their intercorrelations is far
from an academic exercise in statistical methodology.
As others have explained (cf. Light et al., 1998), a com-
plete understanding of the influences on mathematical
ability, reading, IQ and other cognitive processes will
allow for the development of better interventions for
individuals who exhibit deficits; furthermore, as the
relationships between these traits become clearer, it will
be possible to apply more efficient interventions, aimed
not only at specific deficits, but also at underlying prob-
lems. As Light et al. (1998) suggest, improving an
individual’s overall verbal and phonologic abilities may
ultimately help reduce not only his or her reading prob-
lems, but mathematical deficits as well.
In addition to studying the etiology of mathematical
and reading ability covariation, this study also
explores the relationship between mothers’ and fathers’
ratings of the same twins. When multiple rater scores
are available for analysis, a correlation between ratings
can be computed. The size of this correlation provides
important information about the validity of the mea-
sures, whether raters are measuring the same trait, and
whether a rater-bias model should be fitted to the data.
A high level of agreement indicates that raters are most
likely measuring the same trait. However, when agree-
ment is high, it can be assumed that no informative
data is obtained by retaining both raters. When inter-
rater agreement is low, two underlying processes may
be occurring (which are not necessarily mutually exclu-
sive). First, raters may be measuring different traits, or
at least different aspects of the same underlying trait.
This may be due to the fact that raters are exposed to
the phenotype(s) in very different situations. Second,
the low agreement may be due to rater-specific bias that
is nonsituational (e.g., fathers consistently rate children
to be more intelligent than do mothers). When inter-
rater agreement is low, the researcher must separate
effects of rater-bias from the effects of more ‘interesting’
factors; this can be accomplished by including multiple
rater scores in analyses, using a rater bias model (e.g.,
Bartels et al., 2004).
Lastly, we are also interested in the possible rela-
tionship between the type of school an individual
attends and the presence of mathematical and reading
problems. We expect that children who attend special
education schools will be rated as having more prob-
lems in mathematics and reading, with a higher
proportion of the children who attend special educa-
tion rated as having more problems than children who
attend ‘normal’ education. It is also of interest to
know whether twins concordant for no cognitive diffi-
culties are also concordant for attending normal
schools (and vice versa), as would be expected.
Thus, the present study has three primary objec-
tives. The first is to explore the relationship between
the type of school an individual attended and the pres-
ence of parent-rated mathematical and reading
problems. The second is to assess the relative contri-
butions of genetic and environmental influences to
two correlated traits, reading and mathematical
(dis)ability. Finally, we are interested in assessing the
etiology of the correlation between the traits in terms
of shared genetic and environmental influences in a
sample of Dutch twins that has not been selected for
mathematical or reading deficits. Previous research
has produced a wide range of heritability estimates for
both traits, as well as for the genetic correlation
between them; it is hoped that the use of a large, novel
sample that includes opposite-sex twin pairs (which
provides a means for directly testing sex-differences in
the etiology of each trait) will help clarify the relation-
ship between mathematical and reading (dis)ability.
Methods
Participants
The etiologies of reading and mathematical (dis)ability
were explored using data collected in the 1991 wave of
the Netherlands Twin-Family Study of Health-Related
Behavior. The twin families come from the larger
Netherlands Twin Register. Questionnaires were sent
and returned by mail (Boomsma et al., 2002). The
mean age of the twins in 1991 was 17.7 years (± 2.3,
range = 12–24). The questionnaire asked parents to
report on the health, lifestyle and personality of their
twins. Information regarding the type of education each
twin received was collected from the mothers. Mothers’
ratings were available for 1577 twin pairs; fathers’
ratings were available for 1381 pairs. For a more thor-
ough description of the sample, see Boomsma et al.
(1994) and Koopmans et al. (1995).
Zygosity of same-sex twin pairs was based on
DNA or blood group polymorphisms for 356 twin
pairs in the mothers’ data (324 in the fathers’). All
other same-sex zygosity determinations were made by
questionnaire. Agreement between zygosity assessment
using the questions and by DNA markers/blood typing
is around 97% (Willemsen et al., 2005).
Measures
Type of Schooling
We were interested in the relationship between the type
of school an individual attended and the presence of
problems in mathematics and reading. The question-
naire asked mothers to indicate the type of primary and
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secondary school attended by each twin. Mothers
were given a number of possible choices, including
‘normal school,’ ‘special education school for children
with learning problems,’ ‘special education school for
children with behavior problems,’ and ‘school for the
blind,’ among others. In this study, individuals were
placed into one of two categories: ‘normal education’
or ‘special education due to learning problems or
physical handicap’.
Mathematics and Reading
Two measures from the 1991 wave of the NTR were
selected, ‘child has difficulty in mathematics’ and ‘child
has difficulty with reading’. Parents used a 4-point scale
to rate each child, where 0 indicated that the child
never had problems, and 3 indicated that the child
always had problems (1 = sometimes, 2 = often). We
reduced the number of categories from 4 to 3 (never,
sometimes, often). Preliminary analyses suggested that
this was appropriate, as parents used the category
always infrequently (prevalence less than 3.5%). 
Analyses
Intertwin Concordance Between School Type and Cognitive
Problems
To explore twin pair concordance for schooling and
cognitive problems, we created two variables from the
mothers’ data. The first, school concordance, assigned
each twin pair to one of three categories: ‘concordant
normal education’, in which both twins attended
normal schools; ‘discordant education’, in which one
twin attended normal schools and the co-twin
attended special education; and ‘concordant special
education’, in which both twins attended special edu-
cation. The second variable, math-reading problem
concordance, also assigned each twin pair to one of
three categories: ‘concordant no problems’, in which
neither twin was rated as having serious problems in
mathematics or reading; ‘discordant for mathematical
and/or reading problems’, in which one twin was
rated as having serious problems in at least one trait;
and ‘concordant for mathematical and/or reading
problems’, in which each twin was rated as having
serious problems in at least one trait (or both).
‘Serious problem’ was defined as a rating of often with
respect to ‘child has reading difficulty’ or ‘child has
difficulty with mathematics’.
Interrater Agreement
Polyserial correlations between mothers’ and fathers’
ratings were computed using Prelis 2.54 (Jöreskog &
Sörbom, 1996) to determine whether mothers and
fathers were rating the same aspects of mathematical
and reading ability in their twins.
Threshold Models and Polychoric Correlations
Threshold models and polychoric correlations between
twins were computed using maximum likelihood esti-
mation in Mx (Neale et al., 2003). Threshold models
are used when the observed data are in an ordinal form
but the trait being studied (e.g., mathematical ability) is
assumed to have an associated underlying continuous
liability. For example, a trait that has two categories
(e.g., affected and normal) has one threshold; as mea-
sured by the trait, an individual is either affected or
normal. A number of factors (genetic or environmen-
tal) influence whether or not an individual is affected.
If the individual has just enough of each influence, he
or she is pushed beyond the threshold, and thus
becomes ‘affected’. Thus, the underlying liability is a
continuous variable. In the present study, both mathe-
matical and reading ability are analyzed using two
thresholds, which are computed based on the preva-
lences of each trait. The variance of the continuous
liability was fixed to unity (Falconer, 1981).
Genetic Analyses
We applied structural equation modeling using the
assumptions of the classical twin study in order to
decompose the variance of the liability of the two phe-
notypes into variance due to additive genetics (A),
common environment (C) and nonshared environment
(E; Boomsma et al., 2002). In the bi- or multivariate
case, it is possible to determine the etiology of the cor-
relation between traits. This phenotypic correlation
can be decomposed into a part due to shared genetic
factors, a part due to shared common environmental
factors, and a part due to shared (between traits)
unique environmental factors (Duffy & Martin, 1994;
Heath et al., 1993). Using data from male and female
twins, it is possible to test whether or not there are sex
differences in the etiologies of the traits being studied;
this is accomplished by constraining the estimates for
males and females to be equal, and then comparing
the fit of the constrained model to the fit of the uncon-
strained model. In addition, including data from
opposite-sex twin pairs (DOS) allows us to determine,
to some extent, whether or not the same genes are
active in males and in females. This can be accom-
plished by setting the genetic correlation between DOS
twins to .5, as is done for dizygotic (DZ) twins, and
comparing the fit of the model to a model in which
the correlation is allowed to fluctuate; if the con-
strained model does not exhibit a significant loss of
fit, it can be assumed that the same genes are operat-
ing in males and females.
Univariate models are fitted to each trait using Mx
(Neale et al., 2003) and raw data input. The full model
in each case included free parameters to be estimated
for A and C for males and for females. In addition, an
estimate of the genetic correlation between opposite-
sex twins was computed in the full model (this is set to
.5 for DZ twins and 1.0 for monozygotic [MZ] twins).
Because threshold models were used in which the vari-
ance of the liability distribution was fixed at unity, the
unique environment variance was obtained using the
formula: e2 = 1 – a2 – c2. Nested models were then run,
in which various parameters were set equal to each
other (e.g., factor loadings in males are set equal to
those in females). The best fitting model was obtained
in each case by comparing negative two times the 
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log-likelihood (–2LL) of each submodel to that of
either the full model or else to the submodel in which
it was nested (e.g., AE and CE are compared to ACE).
The subsequent test statistic has a χ2 distribution with
degrees of freedom equal to the difference of the
degrees of freedom between the two models.
Subsequently, a standard bivariate Cholesky
decomposition of variance was conducted to deter-
mine whether there was any shared genetic component
between mathematics and reading (Loehlin, 1996).
The Cholesky decomposition provides an estimate of
the genetic and environmental correlations between
two variables based on the path estimates produced by
the decomposition. These are interesting statistics in
their own right; however, using the genetic correlation,
it is also possible to determine what percentage of the
phenotypic correlation is due to shared genetic influ-
ences. Confidence intervals (95%) were obtained for
all estimates.
Results
Intertwin Concordance Between School Type and Cognitive Problems
Table 1 shows a simple cross tabulation of the variables
‘school concordance’ and ‘math-reading problem con-
cordance’. As can be seen, the greatest number of twin
pairs fall into the first cell, a reflection of the fact that
most participants attended normal schools and were
rated by their mothers as having few cognitive prob-
lems. The table also shows the low number of
participants who attended special education schools.
The third row in the first column reflects, almost
entirely, twin pairs who attended special education due
to medical problems (i.e., blindness, deafness). The high
percentage of twin pairs concordant for having no
problems (74.8%) indicates that the current sample has
not been selected for mathematical or reading disability.
Interrater Agreement
Averaging across all zygosity groups and both twins,
paternal and maternal ratings of both mathematics
and reading produced a polychoric correlation of .82,
suggesting a high level of agreement between parents.
Consequently, we do not consider the use of rater-bias
models. As expected, the interrater correlations
(within-trait) for first-born and second-born twins did
not differ significantly.
Prevalences, Thresholds and Polychoric Twin Correlations
Table 2 shows polychoric twin correlations and exact
sample sizes; Table 3 shows prevalences of mathemat-
ics and reading problems (from which thresholds were
computed). As can be easily seen, MZ correlations
were quite high (above .90 in all cases) and DZ and
DOS correlations were for the most part around half
those of MZs, suggesting a possible AE factor struc-
ture. Thresholds for math ability showed that males
and females were rated to be quite similar. In contrast,
males were rated as having more problems in reading
than females, as reflected by significantly lower
threshold estimates for males (by both parents).
In all subsequent model fitting that included reading
ability, prevalences for males and females were not
equated. Overall, the observed prevalences suggest that
most individuals were rated as having few cognitive
problems. In addition, mothers’ and fathers’ thresholds
appeared quite similar, though mothers were slightly
more likely to rate their children more positively.
Genetic Analyses, Univariate
We fitted an ACE model (with sex differences) to
paternal and maternal ratings of mathematical and
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Table 1
Cross Tabulation of ‘Education Concordance’ and ‘Cognitive Problems Concordance’ 
Concordant no problems Discordant, one twin has ≥ 1 problem Concordant, each twin has ≥ 1 problem Total
Concordant normal education 70.8% 13.4% 6.8% 90.9%
(657) (124) (63) (844)
Discordant education 1.9% 2.2% 1.1% 5.2%
(18) (20) (10) (48)
Concordant special education 3.6% 1.0% 0.8% 3.9%
(19) (9) (8) (36)
Total 74.8% 16.5% 8.7% 100%
(694) (153) (81) (928)
Note: Columns represent concordant normal, where neither individual has reading or mathematical problems; concordant affected, in which each twin has at least one problem (or two);
discordant, in which one twin has at least one problem and the co-twin is completely unaffected. Prevalences (%) and total number of subjects (N) shown.
Table 2
Exact Sample Size (Twin Pairs) and Polychoric Twin Correlations 
for Mathematical and Reading Ability as Rated by Parents
Zygosity Fathers Mothers
N Math Read N Math Read
MZM 228 .94 .91 265 .90 .94
DZM 213 .41 .41 237 .48 .45
MZF 315 .96 .94 364 .93 .93
DZF 232 .41 .46 268 .25 .43
DOS-MF 196 .43 .46 220 .42 .40
DOS-FM 197 .45 .46 223 .38 .31
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reading ability. Subsequently, a number of submodels
were fit by imposing various constraints on the data
(e.g., a for males equals a for females). In all four
cases, the best fitting model was an AE model (respec-
tively, fathers–math, fathers–reading, mothers–math,
mothers–reading: χ2 = 4.33, .13, 5.04, 4.45; df = 7, 5,
5, 5; p = .74, 1.00, .66, .49), in which all variance was
most parsimoniously explained by genetic and non-
shared environmental factors. Shared environment (C)
could be dropped, suggesting that common environ-
ment does not influence either of these traits
significantly. Estimates for males and females could be
constrained equal to each other and the correlation
between genetic factors in opposite-sex twins could be
set to .5 without significant loss of fit, indicating that
similar etiologies for males and females exist and that
the same genes are active in both sexes. Both traits
were found to be highly heritable (same order as pre-
sented above: a2 = .95, .92, .91, .93). Confidence
intervals (95%) indicated overlap between heritability
estimates based on mothers’ and fathers’ data. 
Genetic Analyses, Bivariate
Polychoric correlations between mathematical and
reading ability were .62 (fathers’ data) and .57
(mothers’ data). Cross-twin cross-trait correlations
were computed for each zygosity group. There is no
reason to believe that the correlation between mathe-
matics–firstborn twin and reading–second born twin
should be different from the correlation between
reading–firstborn twin and mathematics–second born
twin; thus, these correlations were constrained to
equal one another. If MZ twins show higher cross-
trait cross-twin correlations than DZ twins, evidence
exists for a genetic correlation between traits. Table 4
shows these correlations.
Using Mx (Neale et al., 2003), a bivariate
Cholesky decomposition was performed on each data
set to explore the etiology of these correlations. Table
5 shows the fit statistics of the various bivariate
models. Again, an AE model fitted the data best for
both mothers’ and fathers’ ratings. Table 6 shows
results of bivariate analyses, including genetic and
unique environment correlations (with 95% confi-
dence intervals), as well as heritability estimates for
each trait.
Univariate heritability estimates produced by the
Choleksy decomposition matched those produced in
univariate analyses exactly. Figure 1 shows the path
coefficients for a and e, a visual representation of the
final model that was fit to both data sets, and the
computed genetic and environmental correlations (at
the bottom). Confidence intervals computed for both
correlations show overlap between mothers and
fathers. For both data sets, a midsized correlation
between genetic factors was observed (fathers = .64;
mothers = .58).
Perhaps more interestingly, 96% of the phenotypic
correlation in the fathers’ data (94% in the mothers’
data) was due to shared genetic influences,
sqrt(a2math)*rgenetic* sqrt(a
2
reading)/rtraits. To test whether or
not the shared genetic and environmental influences
are significant, the paths between mathematics and
reading were set to zero for a and e. This caused a sig-
nificant worsening of the fit of the model, indicating
that the correlations are significant. We also tested the
significance of the specific genetic and environmental
contributions on the second trait in the Cholesky
decomposition by setting the path from reading-spe-
cific A and E to reading to zero. Doing so also
significantly worsened the fit of the model. 
Discussion
To explore the relationship between the type of school
twins attended and the presence of cognitive prob-
lems, two fairly straightforward analyses were
performed on the data. First, twin pair concordance
for schooling was compared with twin pair concor-
dance for the presence or absence of problems. In
order to obtain a general overview of the data, no dis-
crimination was made between the various types of
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Table 3
Prevalences (%) and Total Number of Subjects (N) of Mathematical and Reading Problems for All Individuals
Response Math Reading
Males Females Males Females
Never: fathers 56.4% (704) 53.4% (780) 54.9% (687) 70.5% (1033)
mothers 58.6% (826) 56.7% (951) 58.7% (827) 72.6% (1218) 
Sometimes: fathers 31.8% (397) 32.1% (469) 30.9% (387) 22.2% (325)
mothers 30.5% (430) 30.2% (506) 27.5% (388) 20.7% (347) 
Often: fathers 11.8% (148) 14.5% (211) 14.2% (178) 7.4% (108)
mothers 10.9% (153) 13.2% (221) 13.8% (194) 6.7% (113) 
Table 4
Cross-Twin Cross-Trait Correlations
MZM DZM MZF DZF DOS-MF DOS-FM
Father .48 .27 .69 .27 .34 .39
Mother .43 .26 .51 .20 .32 .18
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cognitive problems an individual could possibly exhibit;
that is, individuals with serious mathematical, reading,
or mathematical and reading problems were all simply
indicating as having ‘cognitive problems.’ As predicted,
most twin pairs were concordant for both attending
‘normal’ schools and for having no cognitive problems.
In addition, twin pairs in which at least one twin
attended special education exhibited higher percentages
of cognitive problems. We also expected that a higher
proportion of children (individuals) who attended
special education would be rated as having serious
mathematical and reading problems as compared to
children who attended normal schools. Preliminary
analyses (not shown) showed a pattern of prevalences
that confirmed this expectation. While over 60% of
individuals who attended normal schools were rated as
having no mathematical or reading problems, only
around 30% of those attending special education
schools were rated problem-free. Conversely, mothers
rated fewer than 10% of individuals who attended
normal schools as often having problems in mathemat-
ics or reading, while rating more than 30% of
special-education individuals as often having problems.
Although the etiology of the phenotypic relation-
ship between mathematical and reading ability has
been studied previously, earlier studies failed to come
to consensus regarding the true nature of the relation-
ship. The primary purpose of this study was to
explore this relationship in a large sample not selected
for reading or mathematical deficits. Specifically, we
were interested in determining three primary statistics:
heritability estimates for mathematical and reading
ability; the size of the correlation between genetic
influences that act on both mathematical and reading
ability; and the percentage of phenotypic covariation
that is explained by these shared genetic factors.
Heritability estimates were quite high (above .90 for
both traits), indicating very strong genetic influences on
both traits. Using a standard bivariate Cholesky decom-
position, a medium-size correlation between latent
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Table 5
Fit Statistics for Full Cholesky Model and Submodels Tested on Fathers’ Data (Mothers’ in Italics)
Model –2ll df AIC ∆χ2 ∆df p ∆AIC
Full, G = .5, sex diff. 8177.2 5405 –2632.8 — — — —
9165.2 6152 –3138.8 — — — —
ACE no sex diff. 8183.4 5414 –2644.6 6.23 9 .72 –11.77
9169.4 6161 –3152.6 4.2 9 .9 –13.83
AE 8183.4 5417 –2650.6 6.23 12 .90 –17.77
9169.4 6164 –3158.6 4.2 12 .98 –19.83
AE, no common A 8598.3 5418 –2237.7 421.1 13 < .001 395.1
9514.7 6165 –2815.3 349.3 13 < .001 323.3
AE, no specific A 8478.1 5418 –2357.9 300.9 13 < .001 274.9
9229.1 6165 –3100.9 63.9 13 < .001 37.9
AE, no common E 8207.8 5418 –2628.2 30.6 13 .004 4.6
9600.3 6165 –2729.7 435.1 13 < .001 409.1
CE 8534.6 5417 –2299.4 336.6 12 < .001 312.6
9552.5 6164 –2775.5 387.3 12 < .001 363.3
E 9207.2 5420 –1632.8 1009.3 15 < .001 979.3
10,289.7 6167 –2044.3 1124.5 15 < .001 1094.5
Note: All models compared to full model. Best fitting model is in bold.
Table 6
Results of Bivariate Cholesky Analysis of Mathematical and Reading Ability
a2 e2
Rater r(a) r(e) Math Read Math Read
Fathers .64 .63 .95 (.94–.96) .92 (.90–.94) .05 (.04–.06) .08 (.06–.10)
(.60–.68) (.40–.82)
Mothers .58 .80 .91 (.89–.93) .93 (.91–.95) .09 (.08–.11) .07 (.05–.09)
(.54–.62) (.63–.91) 
Note: 95% confidence intervals shown in parentheses.
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genetic factors (.64 in fathers’ ratings, .58 in mothers’)
was found. The most straightforward interpretation of
this correlation is that approximately 60% of the
genetic factors that influence mathematical (dis)ability
also influence reading (dis)ability. Furthermore,
approximately 95% of the phenotypic correlation
between mathematical and reading ability was
explained by these shared genetic influences, with the
remaining 5% explained by nonshared environmental
influences. Thus, although there is considerable varia-
tion in the genes affecting each trait, the portion that
does overlap explains essentially all of the relationship
between phenotypes.
The findings of this study lend support to previous
findings of high heritabilities for both mathematical
and reading ability. Interestingly, most high estimates
for these heritabilities have been reported in samples
selected for some sort of cognitive disability or deficit
(usually reading), while estimates in ‘normal’ popula-
tions have tended to be somewhat lower (though the
pattern of previous results is not totally clear). Our
results suggest that both mathematical and reading
ability are highly heritable even in a sample not selected
for disability. Consistent with some but not all previous
studies, no influences of shared environment were
found, suggesting that variation between families in
learning environments has limited influence on varia-
tion in mathematical and reading skills.
The use of parental ratings of mathematical and
reading disability provided both advantages and dis-
advantages. The fairly high level of interrater
agreement (above 80%) suggests that parents agreed
much of the time on the severity of mathematical and
reading problems that their twins have, and secondly,
that the measures selected are most likely valid repre-
sentations of underlying mathematical and reading
(dis)ability in this sample of Dutch twins. Because
parents observe their children’s performance over a
long period of time and in great depth, parental
ratings have somewhat of an advantage over one-time
objective measures of achievement, which are highly
influenced by situational factors; additionally, parental
ratings may in fact reflect, at least in part, parents’
knowledge of objective information about the twins
(e.g., test scores). Research by Dewey et al. (2003)
also supports the validity of parental ratings of cogni-
tive ability in children. In addition, one of the primary
advantages of using parental ratings here was the large
sample size available for data analysis in this study.
Additionally, a related and secondary finding has
some potentially interesting and informative implica-
tions. We observed an interesting pattern in the
prevalences for mathematics and reading: parents rated
daughters as having substantially fewer problems in
reading than sons. This finding is consistent with previ-
ous research indicating that females are better readers.
However, an alternative explanation exists as well:
perhaps parents rate daughters better in reading due to
the widely held stereotype that women are better
readers than men. At the same time, mothers and
fathers did not rate boys as better in mathematics than
girls, although if the parents were simply following
societal stereotypes, we might have expected to see such
an effect. Taken together, these findings seem to imply
both the possible disappearance of the ‘boys are better
in math’ stereotype in the Netherlands and that girls are
better readers, although we cannot say anything defini-
tive about the observed differences.
Lastly, the implications of the measures used in
these analyses warrant further consideration.
Although the validity of the measures is strongly sup-
ported by the high level of interrater agreement, the
results of the cross tabulation of schooling and cogni-
tive problems, and the observed distribution of
cognitive problems as a function of the individuals’
schooling, a valid question remains: what was truly
measured and analyzed in this study? The most accu-
rate description of the ‘surface’ phenotype studied
may be: ‘the heritability of being rated by your parents
as having mathematical and reading problems’. Thus,
in a sense what was studied was the heritability of a
child making a specific sort of ‘impression’ on his or
her parents with regards to mathematical and reading
ability. This is by no means a less interesting trait than a
‘pure’ measure of mathematical and reading (dis)ability.
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Figure 1
Bivariate Cholesky decomposition of correlation between mathematical
and reading ability as rated by mothers and fathers separately. Path
estimates on left are from fathers’ data; on the right, from mothers’.
The diagram itself represents the full model, with Twin 1 on the left, 
and Twin 2 on the right.
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In many ways, our findings are a strong affirmation of
previous results because they were not obtained simply
by applying previous methodologies to a new sample;
instead, high heritability estimates and a fairly strong
genetic correlation were found using a novel sample
and measures that are perhaps less than ideal. If any-
thing, this points to the robustness of the findings
presented here, and provides strong evidence that the
genetic influences on both mathematics and reading are
quite significant. Still, it was a concern that perhaps the
high heritability estimates were artifacts of the data set
itself. To test this, a behavioral trait (short-tempered-
ness) also rated by parents was selected for analysis
from the same questionnaire. Results showed a consid-
erably lower heritability estimate as well as a shared
environmental component, which helped to allay con-
cerns regarding the validity of the questionnaire.
Current and future research in the etiology of
complex behavioral and cognitive traits appears to be
moving toward the identification of specific genes that
may be responsible for the variation in these traits.
However, continued study of heritability and genetic
correlations between various cognitive traits is not
simply old news. The more accurate the picture is of
the relationships between these various traits, the
more confident we can be in directing future research
in the correct direction.
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